The aim of this paper is to study diurnal fluctuations of the water level in streams draining headwaters and to identify the controlling factors. The fieldwork was carried out in the Gryż ynka River catchment, western Poland. The water levels of three streams draining into the headwaters via a group of springs were monitored in the years 2011-2014. Changes in the water pressure and water temperature were recorded by automatic sensors -Schlumberger MiniDiver type. Simultaneously, Barodiver type sensors were used to record air temperature and atmospheric pressure, as it was necessary to adjust the data collected by the MiniDivers calculate the water level. The results showed that diurnal fluctuations in water level of the streams ranged from 2 to 4 cm (approximately 10% of total water depth) and were well correlated with the changes in evapotranspiration as well as air temperature. The observed water level fluctuations likely have resulted from processes occurring in the headwaters. Good correlation with atmospheric conditions indicates control by daily variations of the local climate. However, the relationship with water temperature suggests that fluctuations are also caused by changes in the temperature-dependent water viscosity and, consequently, by diurnal changes in the hydraulic conductivity of the hyporheic zone.
INTRODUCTION
In the temperate zone, annual changes in climatic conditions impose seasonal fluctuations of water levels observed for both surface and subsurface waterbodies. The above-mentioned factors responsible for the variations in surface water and groundwater levels have already been widely discussed in the literature. However, shortterm, i.e. daily, changes have been examined less frequently.
One of the key papers on this topic was published by Gribovszki et al. () , who linked the daily fluctuations in water level and discharge of streams to infiltration losses, precipitation (in tropical climate), melting and freeze-thaw processes (in polar zones and alpine areas) and evapotranspiration (in temperate climates). Gribovszki et al. () found evapotranspiration to be the main factor influencing The aim of this paper is to analyse daily water level fluctuations in the watercourses draining into outflow zones as well as to identify the factors controlling these changes.
STUDY AREA
The research was conducted in the Gryżynka River catchment situated in the western part of the Polish Lowlands (Figure 1 ). The river, with a surface catchment area covering ca. 80 km 2 , was also shown in previous studies (Szczucińska ) to drain water from endorheic areas surrounding it from the north-east and north-west. From numerical model calculations, it was estimated that the groundwater basin of the river is ca. 30% larger than its surface catchment area. Groundwater outflows were found to supply ca. 30%
of the Gryż ynka River; however, the total contribution of groundwater is greater and may cover as much as 80% of the supply (Choiński ) . Following the classification by Dynowska (), the river displays a rainfall-, snow-and groundwater-dominated hydrological regime, resulting in high hydrological inertia and stable annual discharge.
The study area is located within the extent of Pleistocene glaciations. The Pleistocene ice sheet formed interstratified levels of interglacial deposits (mainly mixedgrained sands and gravels) and tills (Ż ynda ). • winter 2012 (from 1st to 13th February no rain and from 14th to 29th February with rain);
• spring 2012 (from 16th to 30th April after winter with snow cover);
• summer 2013 (from 16th to 27th July no rain and from 28th July to 5th August with rain);
• spring 2014 (from 16th to 30th April after winter with no snow cover). The correlation between water temperature in outflow zones and air temperature increased with the distance between the site of temperature measurement and water outflow from the ground to surface. This factor also affected the daily temperature pulse, barely detectable in the outflow zone of headwater No. 1 but strong in headwaters Nos 2 and 3. In headwater No. 1, water temperature was stable and slightly oscillated around 7.0 W C, whereas in headwaters Nos 2 and 3 it increased from 6.9 W C to 8.5 W C and from 6.4 W C to 9.0 W C, respectively.
Spring 2012
In In the summer, the waters of outflow zones showed temperatures ca. 3 W C higher than during winter. In head- Fluctuations in the water level of outflow zones can be disturbed by various factors, as exemplified in Figure 4 . The rapid changes in water level recorded on 30th July and 4th August may be explained by the initial damming of the flow at the measuring weir by obstacles, such as branches and leaves, which were eventually removed due to greater discharge after rainfall. On 25th July, the water level changed intensively as the measuring weir was cleaned by the observer.
Spring 2014
In the second half of April 2014, the study area showed an initial barometric pressure of 1,021 hPa which strongly decreased by ca. 20 hPa after 2 days. Afterwards, pressure oscillated between 1,000 and 1,010 hPa ( Figure 5 ). Mean daily air temperature attained ca.
7.5 W C at the beginning but finally rose to ca. 9.5 W C. The amplitudes of daily air temperature amounted to ca. 
where Δh is the amplitude of daily water level fluctuations (cm); T 1 , T 2 ¼ initial and final water temperature ( W C), b is water depth in the headwater (cm).
The conducted calculations (Equation (1)) showed that the daily water change from 7 to 10 W C alters the water level amplitude of 2 cm with the water depth of approximately 20 cm, which is typical of most headwaters.
However, the above formula does not consider the hydraulic conductivity caused by the loosening of bottom sediments in the headwaters. For this reason it can be expected that change in the amplitude of daily water level fluctuations stemming from change in the hydraulic conductivity will be much higher.
To some extent, the loosening of bottom sediments can be enhanced by thermal expansion and decreases in water viscosity (Ma & Zheng ) . Water volume change caused by temperature rise can be calculated using the formula:
where ΔV is the change in volume of water (m 3 ); β is coefficient of thermal expansion (from water β ¼ 1.81 × 10 -4 1/ W C);
V 0 is initial volume of water (m 3 ), Δt is change in tempera-
The change in spring water temperature amounts to 3 W C during an entire hydrological year. Such a change in water temperature will alter water volume by no more than 0.4% of the original value (Equation (2)). The amplitude of daily water temperature is smaller than 1 W C. This is why water thermal expansion influences amplitude changes to a minimum extent but can support the process of loosening bottom sediments.
Furthermore, the amplitude of water level fluctuations can also be affected by the hydraulic gradient. According to Darcy's law, the size of an underground water stream feeding into a headwater is greatly influenced by the hydraulic gradient between surface water in the headwater and underground waters in the area feeding into the headwater. The level of underground water is subject to seasonal fluctuations and is higher in summer months, which results from precipitation and snowmelt infiltration feeding into underground water. It can therefore be expected that the amplitudes of daily water level fluctuations in headwaters will be higher in summer months.
Statistical data analysis
The following mean daily values were recorded based on on- In the winter of 2012, after a snowy winter the inflowing underground waters were colder (Figure 7) , which led to a decrease in the hydraulic conductivity of the hyporheic zone resulting in decreased underwater feeding. At that time high air temperature amplitudes were recorded (from 5 to 25 W C) (Figure 3 ), which increased evaporation. As a result, the recorded water level fluctuation amplitudes were lower (from 2.1 to 2.8 cm) than in spring 2014 after a snowless winter (from 2.9 to 3.2 cm, with the exclusion of 23rd and 24th
April, when an influence of precipitation marked its presence).
In spring 2014, a lack of inflowing, cool meltwater led to hyporheic zone waters being slightly warmer (in spring 2012
Headwater 1 8.5 W C; Headwater 2 9.5 W C; Headwater 3 9.6 W C, and in spring 2014, 9.1 W C, 9.9 W C, 9.7 W C, respectively).
Hydraulic conductivity in the zone was higher, which con- 
